Nonsyndromic mental retardation (NSMR) is the diagnosis of exclusion in mentally retarded individuals without additional abnormalities. We have recently identified a protein-truncating mutation, G408fsX437, in the gene CC2D1A on chromosome 19p13.12 in nine consanguineous Israeli Arab families with severe autosomal recessive NSMR, and have developed a comprehensive prevention program among the at-risk population in the village. The subjects tested were healthy women who were invited to undergo the genetic screening test as a part of their routine pregnancy monitoring. One hundred and seventeen subjects reported a family history positive for mental retardation. We tested 524 pregnant or preconceptional women and found 47 carriers (B1/11), whose spouses were then recommended to undergo testing. We identified eight carrier couples, who were given genetic counseling and offered prenatal diagnosis. Of all the marriages, 28.6% were consanguineous; 16.5% of the total were between first cousins. The high prevalence of the mutation can be explained both by the founder effect owing to the generally high consanguinity rate among the inhabitants of the village, and also because two families with excessive numbers of mentally retarded offspring were unacceptable as marriage partners by the rest of the families. This is the first example of the establishment of a large-scale genetic screening program for autosomal recessive NSMR, which was made possible owing to the high frequency of the specific causative mutation in this isolated population.
Introduction
Mental retardation affects approximately 1 to 3% of the general population. 1, 2 Genetic etiologies are found in approximately two thirds of mental retardation cases. 3 Nonsyndromic mental retardation (NSMR) is the diagnosis of exclusion in mentally retarded individuals who do not have major physical abnormalities, dysmorphism or neurological abnormalities. Biological processes involved in neuronal differentiation and synaptic plasticity, synaptic vesicle cycling and gene expression regulation are considered to be important in the causation of mental retardation. 4 An autosomal recessive mode of inheritance may account for nearly a quarter of all individuals with NSMR. 5 -7 Only two autosomal genes, the PRSS12 gene on chromosome 4q26 [MIM 606709 ] and the CRBN gene on chromosome 3p26 [MIM 607417 ], have been shown to cause autosomal recessive NSMR, each gene in only one family. 8, 9 Autosomal recessive diseases are common in the Arab population of Israel, mostly as a result of the high rate of consanguinity. Among Israeli Arabs, up to 44% of the marriages used to be between relatives, approximately half of which were between first cousins, although these numbers are somewhat lower today. 10, 11 In these communities rare autosomal recessive diseases are relatively frequent and can be limited to one village. 12 Identifying the molecular basis of severe genetic conditions may allow for genetic counseling and genetic screening, and therefore may greatly reduce the number of affected infants born.
We have recently identified a protein-truncating mutation in the gene CC2D1A on chromosome 19p13.12 in nine consanguineous Israeli Arab families with severe autosomal recessive NSMR who live in an isolated village in central Israel. 13 In the current study; we screened a large unselected sample of the residents of this village for the mutation G408fsX437 in the CC2D1A gene. We have developed a strategy for a comprehensive mental retardation prevention program in this community.
Materials and methods

Subjects
The screening was performed in a Muslim Israeli Arab village of 10 500 inhabitants, who can be grouped into 20 clans of various origins. Among the village founders were families whose ancestors migrated from Sudan and descendents of families who came to Palestine from Egypt along with Muhammad Ali's troops in 1834. Only married couples in which both spouses were born in the village were referred for screening. The women were seen at the women's health station in the village and genetic counseling was provided by the same medical geneticist and genetic counselor. The subjects of this study were women visiting the women's health station either for routine pregnancy monitoring or for a routine examination of their child. An extensive family pedigree going back three generations was constructed for each person tested. Data regarding family history of mental retardation were obtained by interviewing the women and the nurses and examining the files at the women's health station. Blood was drawn during the same session and was taken to the hospital where the DNA study was performed.
The screening program including genetic counseling and testing was provided free of charge, financed by the Israeli Ministry of Health as part of a program designed towards the prevention of frequent genetic diseases in Israel. All the individuals who were found to be carriers of the G408fsX437 mutation in the CC2D1A gene were offered genetic counseling in which genetic testing of their spouses was recommended. Carrier couples were given genetic counseling and were offered the possibility of free prenatal diagnosis either bychorionic villus sampling (CVS) or amniotic fluid analysis.
Mutation analysis
During the years 2003 and 2004, before the identification of the gene, carrier detection was performed by analysis of polymorphic markers that were known to be in linkage disequilibrium with the disease-causing gene. 13 Markers D19S840, RFX1 and D19S1420 were analyzed (primers available on request). Individuals carrying all three alleles characteristic to the disease haplotype were considered carriers. After the discovery of the disease gene, all those defined as carriers were retested for the CC2D1A G408fsX437 mutation. From the year 2005 onwards, G408fsX437 mutation genotyping was performed on genomic DNA by PCR using the following primers: for normal alleles: forward primer: ttggtctccatcctgacaca, reverse primer: tcccaaagtgctgggactac; for mutant alleles: forward primer: gggagcttgacattggacat, reverse primer: ggggtaaggaggacaagcag.
Results
Carrier screening
Between March 2003 and January 2006, a total of 524 pregnant or preconceptional women and 14 male spouses were tested. Six women reported having children with developmental delay or mental retardation and 117 individuals reported a family history positive for mental retardation. Three hundred and seventy-four of those examined denied consanguinity, whereas in 150 couples the spouses were related; the relationships are shown in Table 1 . In all, 28.6% of the marriages were consanguineous; 58% of these (16.5% of the total) were between first cousins.
Among the 524 women screened, 47 carriers were diagnosed (B1/11). Out of the 47 spouses, only 14 came to be tested, and eight of these were found to be carriers. Among the eight carrier couples detected, six had children with MR or developmental delay, all of whom were homozygous for the G408fsX437 mutation, and two had no affected children. In one additional couple the husband reported a positive family history for mental retardation.
Five of the eight carrier couples identified during pregnancy underwent prenatal diagnosis. In one of these couples the woman was also tested during her subsequent pregnancy. In a total of six prenatal diagnostic procedures performed one pregnancy of an unaffected fetus ended as a spontaneous abortion and one pregnancy with an affected fetus was terminated ( Table 2 ). All the four children who were diagnosed prenatally as unaffected are developing normally.
Discussion
The relatively high frequency of mental retardation in the village has been known for decades and because of the high heterogeneity of this condition it was thought that it may be owing to different causes. Thus the finding that most cases of mental retardation in the village are secondary to a single cause was unexpected. We have identified in total twelve families with mentally retarded children. Six of the families were known to us previously from the research, and a further six were identified through the genetic screening program in the village. The screening program revealed a carrier frequency of B1/11 among individuals born in the village, consistent with the high frequency of the disorder. All the carriers belong almost exclusively to the two families whose ancestors migrated from Sudan in the 19th century, and the mutation was not found in members of other families in the village. This means that the mutation must have occurred in a common ancestor of these two families before they settled in the village, which was over 150 years ago. In Israel today there are more than 10 000 Arabs whose African ancestors came to Israel mostly during the nineteenth century. Arab merchants sold them as slaves to rich Arab landowners and Bedouin tribal chiefs. In time, the Africans converted to Islam and adopted the Arabic language.
It may be inferred that the basis of the high frequency of the mutation is mainly a founder effect resulting from the high rates of intermarriage among the members of these two families. An additional reason for the very high carrier rate is that these same two extended families have a large number of mentally retarded individuals, and therefore members of other families are unwilling to marry into these two families. As a result, the members of these families have no choice other than to marry among themselves.
Among Muslims, there are several opinions as to whether elective abortion may be allowed if the fetus is affected with a severe condition, but in all cases this must be before the 120 th day of the pregnancy. Although among Muslims in Israel fewer than 30% of women at risk for Down's syndrome undergo prenatal diagnostic testing, 14 early prenatal testing by CVS for monogenic disorders such as thalassemia is well accepted. 15, 16 This may be explained by differences in the perceived severity of the type of disorders and the possibility of early diagnosis at a stage when termination is still permissible according to religion and tradition. 16 Therefore it may be expected that with the possibility of detection of at-risk couples in the village there will be a significant reduction in the number of births of mentally retarded children as long as the prenatal diagnosis is carried out early in the pregnancy. An extremely important part of any genetic screening program is the availability of appropriate genetic counseling. The benefits of undergoing a genetic test are not limited to the woman's current pregnancy but are also relevant for all her subsequent pregnancies. In addition, if a mutation carrier is identified, genetic counseling should be offered not only to the individual carrier, but also to any relatives who might be at risk. However, the problem of such cascade screening in a closed population is that medical information must be revealed, interfering with privacy. In this village, as in the Muslim population of Israel generally, there is secrecy about genetic diseases. Carrying out general screening of all the couples in the population allows for a similar result as cascade screening in a closed population without revealing any information about carriers. As already described, it was decided that the first stage of the program would include only married couples in the setting of the mother and child stations, and therefore this would be carried out mainly during pregnancy when the women came for routine pregnancy monitoring. In the cases where the husbands were invited for examination the compliance was relatively low. The men gave various reasons why they were reluctant or unable to attend, one of which was that they did not want to take time off work to come to the health station during the morning hours. Another was that the men did not wish to go to the women's health station as this was a place 'only for women'. It is interesting that compliance was higher among males with a positive family history of mental retardation -this is probably due to the fact that these men were far more aware than those without such a family history of the possible consequences of carrier status and were therefore more willing to be tested. The advantage of preconceptional genetic screening is that it allows for more time for genetic counseling and reproductive decision-making in mutation carriers. On the other hand, such screening is difficult in practice, especially in populations living far away from the hospital where the genetic tests are performed. It is expected that with time, increasing knowledge about the screening, the availability of genetic counseling and the drawing of the blood within the village itself, more couples will come for consultation before their first pregnancy or even before marriage. The aim is that the at-risk couples will have information about their status and risks before a pregnancy so that they can better plan their reproductive life.
Mental retardation is a serious burden for families and society. Comprehensive screening for detection of fetuses with Down's syndrome is offered in Israel as well as in many other countries. Recently there have been some attempts at screening for fragile X syndrome, and in Israel this is offered as a private service. 17 In the case of NSMR there is no large-scale prevention program because of its heterogeneity and to the best of our knowledge this is the first example of the establishment of a large-scale prevention program for autosomal recessive NSMR. Until high-throughput molecular diagnostic technologies for highly heterogeneous conditions become available, identification of the specific genes in appropriate populations will enable the development of a genetic service aimed at effective prevention of mental retardation.
